In 2008, the Concussion in Sport Group (CISG) published its third consensus statement and introduced 10 "modifying" factors that were presumed clinically to influence the investigation and management of concussions in sports. Young age was listed as one of the modifying factors. In some cases, these modifiers were thought to be predictive of prolonged or persistent symptoms. These same modifying factors were retained in the fourth iteration of the CISG consensus statement (2013), although mention was made of possible limitations of their efficacy. The CISG statements provided several empirical references regarding young age as a modifying factor. We reviewed the published sports concussion literature with the purpose of determining empirical studies that support or refute the inclusion of young age as a modifier of concussive injury in sports. We performed a systematic review of the PubMed database utilizing the keywords concussion, sports, mild traumatic brain injury, youth, adolescents, and children. English language studies were extracted by the authors and summarized for review. Multiple empirical studies were found indicating that younger athletes may take longer to recover from a sports-related concussion (SRC) than their older peers. However, studies did not indicate that younger athletes were at more risk for prolonged recovery (94 wk). Empirical evidence supports the inclusion of young age as a modifying factor in sports concussion. However, the difference in recovery time seems relatively small (a few days) and young age does not predict prolonged recovery (94 wk). The findings support the inclusion of young age as a specific modifier in the treatment of SRC and have implications for the clinical management of this common injury.
Introduction
The Concussion in Sport Group (CISG) is an international group of experts from a variety of specialties in sports medicine. Members of the CISG have been selected from the medical disciplines of neurosurgery, sports neuropsychology, orthopedic surgery, primary care sports medicine, neurology, physical therapy, kinesiology, rehabilitation, athletic training, and physiotherapy. CISG first met in Vienna in 2001. The second meeting was in Prague in 2004. The third and fourth meetings were held in Zurich (2008 and 2012) (13, 14) . Each meeting resulted in a published consensus statement. For many sports medicine clinicians, the statement has been considered the international gold standard criteria for the evaluation and treatment of sportsrelated concussions (SRC).
During the 2008 meeting of CISG, the authors delineated several ''modifying'' factors in SRC. These ''I modifying factors may influence the investigation and management of concussion, and in some cases, may predict the potential for prolonged or persistent symptoms'' (Zurich Guidelines 2008) (13) . The authors of the CIS consensus statement regarded these modifying factors as important to consider when taking a detailed concussion history. It can be assumed that clinical experience has indicated that these factors are relevant in the evaluation and management of SRC. At the 2008 meeting of the CISG, the authors further stated that consideration of these modifying factors would have important implications for the use of specific diagnostic tests (e.g., neuroimaging, neuropsychological testing, and balance assessments). It was suggested also that concussed athletes with modifying factors might need to be evaluated and treated in a multidisciplinary manner and setting. These latter statements were deleted from the 2012 statement (14) .
Ten modifying factors were delineated by CISG at the third meeting and remained unchanged at the fourth conference. Age was one of the factors, specifically indicating the need for greater caution and more conservative management with child and adolescent athletes (G18 years).
Since then, multiple medical organizations (American Academy of Pediatrics, American Academy of Neurology, and the American Medical Society for Sports Medicine) have written policy statements that include young age as a predictor of longer recovery (5Y7).
A review of the four CISG consensus statements reveals that the authors provide published references when discussing 4 of the 10 modifying factors, including signs (loss of consciousness/ amnesia), convulsive and motor sequelae, depression, and age. Although the CISG consensus statements are not intended to be a comprehensive review of the literature, the absence of supporting references for any of the modifying factors has been noteworthy. A recent article by Makdissi et al. (9) , Br. J. Sports Med. 2013, briefly summarized some of the empirical evidence related to the modifying factors.
Age was included briefly in their review, and we reviewed the four articles they referenced. The purpose of this review was to summarize the published empirical studies on whether concussions last longer in younger athletes and whether they are at greater risk for significantly prolonged recovery. We offer a ''bottom line conclusion'' based on the available data reviewed as to whether there is provisional empirical evidence for including young age as a modifying factor in SRC.
Methods
We performed a systematic review of the PubMed database utilizing the keywords concussion, sports, mild traumatic brain injury, youth, adolescents, and children. Studies were limited to the English language, extracted by the authors, and summarized for review. We did not endeavor to perform a meta-analysis of the literature or any type of formal methodological critique of each article reviewed, but we simply attempted to summarize the published literature regarding CISG's young age as a modifying factor in SRC.
Results
Neurocognitive data In a prospective cohort study, Field et al. (3) first reported an age-related recovery difference when they compared neurocognitive recovery patterns after SRC in high school and college athletes. The mean age of the college group was 19.9 years (range, 17 to 25 years), and the mean age of the high school group was 15.9 years (range, 14 to 18 years). They found that high school athletes performed significantly worse on neurocognitive testing than age-matched control subjects up to 7 d after injury, but collegiate athletes were not significantly different from controls by day 3 postconcussion (Table) .
Pellman et al. (18) also reported a difference in neurocognitive recovery following a concussion between the National Football League (NFL) and high school football players. The average age of the NFL players was 26.8 years (age range, 20 to 34 years) and the average age of the high school cohort was 15.8 years (age range, 13 to 18 years). NFL players performed significantly better than high school athletes on Immediate Post-concussion Assessment and Cognitive Testing (ImPACT) scoring following an SRC. The NFL players returned to baseline performance within a week with the majority of athletes having normal neurocognitive performance 2 d postinjury. In contrast, the high school group still demonstrated poorer neurocognitive performance relative to baseline at 7 d following injury. The high school athletes' verbal memory and reaction time scores were the most significantly affected indices.
McClincy et al. (11) reported on neuropsychological recovery in high school and college athletes but did not stratify by age. They reported neurocognitive performance deficits at 7 d and even 14 d in some cases but did not compare high school to college athletes.
Covassin et al. (2) compared cognitive test scores in high school and college athletes after concussion. High school athletes demonstrated worse verbal memory test performance than college athletes on days 2 and 7 following a sports-related concussion. High school athletes also displayed worse visual memory performance than college athletes on day 2 after injury. There were no significant discrepancies between high school and college athletes' performance on visual motor (processing speed) or reaction time. They concluded that there was an ''overall trend among postconcussion neurocognitive data, indicating lower performance for high school athletes compared to older college athletes. 3) noted high school athletes, when compared with collegiate athletes, as having prolonged symptom recovery. The results indicated that high school (but not collegiate) athletes reported significant increases in postconcussive symptoms (vs baseline) 5 d after injury. The concussed high school-and college-aged student athletes reported similar patterns of on-field indicators, as athletes in both age cohorts experienced confusion and retrograde amnesia. Both reported fewer numbers of symptoms at 5 to 7 d after the injury than they did at baseline, raising the concern that self-reported symptoms alone may not be the most accurate measurement of symptom recovery.
In the Pellman study (18), on-field indicators did not differ significantly between the NFL and high school athletes with regard to loss of consciousness or disorientation, but the high school cohort reported more amnesia and retrograde amnesia than the NFL players. Symptom recovery for the NFL sample occurred within 2 d (mean, 1.17 d) for 37%. A total of 63% required a second follow-up evaluation at 2 to 4 d (average, 2.9 d). Symptom recovery for the high school cohort was slightly slower. Only 25% returned after the initial evaluation within 3 d of injury (mean, 1.48 d). Seventy-five percent went on to complete a second follow-up evaluation 2 to 7 d following injury (average, 5 d).
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Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited. Gessel et al. (4) compared concussions in athletes in the high school Reporting Information Online (RIO) database with those in athletes in the National Collegiate Athletic Association Injury Surveillance System database. Among high school athletes, more than 50% of athletes in sports other than girls' basketball and softball had concussion symptom recovery in 3 d or less. Fifty percent of high school athletes across all sports returned to play in 9 d or less. Symptom resolution and return to play were not reported in the college athletes.
Meehan et al. (15) reported on 544 concussions from the 2008 to 2009 school year of the high school RIO database. Eighty-two (15.1%) students remained symptomatic for longer than 7 d, while 1.5% had symptoms lasting longer than 1 month. Within this high school population, a significant association between age and duration of symptoms was not observed. Although there was a trend for athletes younger than 15 years more likely to have symptoms lasting longer than 1 month, the finding did not reach statistical significance.
Covassin et al. (2) found more consistency in selfreported symptoms following an SRC. Both college and high school athletes significantly reported more symptoms 7 d after injury compared to baseline. Symptoms returned to baseline by 14 d after injury. There were no age-related differences.
Using the same high school RIO database as Meehan, Marar et al. (10) reported that in more than 40% of athletes in sports other than girls' swimming and track, the concussion symptoms resolved in 3 d or less. More than 55% of the athletes returned to play in 1 to 3 wk, with 22.8% returning in less than 1 wk and 2% returning in less than 1 d.
Zuckerman et al. (20) also compared symptom recovery in their study of adolescent (13 to 16 years) and young adult (18 to 22 years) athletes. Results showed that postconcussive symptoms in athletes 13 to 16 years old took an average of 2 d (8.1 vs 6.1) longer to return to their symptom profile baseline than the older athletes. However 90% of all athletes returned to symptom baseline within 1 month.
Lee et al. (8) found that younger athletes (aged 13 to 16 years) required slightly longer (average, 1.2 d) recovery time than older athletes (18 to 22 years) before returning to baseline following a concussion, but the difference did not reach statistical significance. The younger group averaged 6.9 T 5.5 d, while the older group reported symptomatic recovery in 5.7 T 4.1 d (P = 0.087). Lee et al. also found no statistically significant between-group differences in symptom presence, symptom severity, and total symptoms between the age groups.
McCrea et al. (12) assessed predictors of symptom recovery time (97 d) following a sports-related concussion in a cohort of 570 high school-and collegiate-aged athletes. The age distribution of concussions across the ages was 60.5% of concussions in high school athletes and 39.5% in collegiate athletes. Ninety percent of all injured athletes (n = 513) were classified as the typical recovery groups (G7 d) and 10% (n = 57) were classified as the prolonged recovery group (97 d). The typical recovery group had an average age of 17.51 years, and the prolonged recovery group had an average age of 17.04 years. Factors that most strongly were associated with prolonged recovery time were loss of consciousness, amnesia (both posttraumatic and retrograde), and symptom severity within the first 24 h, but not young age.
Prolonged recovery Baillargeon et al. (1) studied neurocognitive test data in three different age groups: 9 to 12 years old (children), 13 to 16 years old (adolescents), and adults (mean age, 23.3 years old) after they had experienced an SRC. They found that only the adolescents scored lower on the Brown recall memory test. There were no significant relationships found between symptoms reported at the time of injury and age groups. All participants were measured within 1 year of a concussion, with a time elapsed average of 6 months, and all were asymptomatic at the time of measurement.
Meehan et al. (16) conducted a study to determine the predictors for prolonged recovery (928 d) after an SRC. The study age ranged from 7.6 to 26.7 years, with a mean of 15.2 (T3.04 years). The average age of the patients with symptoms for 928 d was 14.7 years, and the average age for patients with symptoms less than or equal to 28 d was 15.4 years. The data did not show that age is associated with the odds of experiencing concussion symptoms persisting for more than 28 d.
Balance and electrophysiological studies Covassin et al. (2) reported that high school male athletes scored worse on the Balance Error Scoring System (BESS) than college male athletes (mean, 18.8 and 13.0) on days 1, 2, and 3 after injury. However college female athletes scored worse on the BESS than high school female athletes (mean, 21.1 and 16.9) on days 1, 2, and 3 after injury. These results are conflicting and unexplained.
Baillargeon et al. (1) studied electroencephalography testing in three different age groups: 9 to 12 years old (children), 13 to 16 years old (adolescents), and adults (mean age, 23.3 years old) after an SRC. They found that all concussed participants showed decreases in electrophysiological testing, but there was no statistically significant age effect. Compared with controls, lower amplitudes were found among concussed adolescents (24.3%), children (16.8%), and adults (12.7%). Adolescents who experienced more symptoms at the time of injury also had lower amplitude than adults.
Discussion
Multiple comparison studies demonstrate a small but important difference in recovery time for younger athletes when compared with young adults experiencing SRC. This is true for both neurocognitive test scores and symptom recovery. Although these difference may be small (a few days), a slightly more conservative approach is supported in the younger athlete.
There were very few studies on children younger than high school age probably due to the fact that more of their concussions are sustained from free playing activities and riding bikes than organized sports. There does not appear to be a clear linear relationship however that the younger the athlete, the longer they take to recover from concussion. More studies are needed on SRC in pediatric-aged athletes.
Conclusion
Based on comparative studies it does appear that recovery from concussion is somewhat slower (a few days) in adolescent athletes than in their older counterparts, but not all studies demonstrate this difference. Some studies support the conclusion that pediatric athletes recover slower than adolescent athletes, but more studies are necessary to draw any significant conclusions. The use of new symptom scales (Child SCAT3) that are specific to the pediatric age group (5 to 12 years old) may be helpful in this regard. However studies did not indicate that younger athletes were at more risk for prolonged recovery (94 wk). Until further empirical studies are available to refute an age difference in symptom and neurocognitive recovery post-SRC, we agree with the CISG's recommendation of a more cautious approach with pediatric athletes in management and returnto-play recommendations.
